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Module 3.2 Data and guidance on developing 

REDD+ reference levels

Module developers:

Martin Herold, Wageningen Univ.

Erika Romijn, Wageningen Univ.

Sandra Brown, 
Winrock International

After the course the participants
should be able to:

Å Describe the procedures to develop 

REDD+ forest reference levels (FRLs)

Figure: Representation of FRL development

for Brazil. Source : Brazilôs submission of 

FRL to UNFCCC. 2014.
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Background material

ÁUNFCCC. 2014. Decision 13/CP.19. Guidelines and procedures for the 
technical assessment of submissions from Parties on proposed forest 
reference emission levels and/or forest reference levels. 
http://unfccc.int/resource/docs/2013/cop19/eng/10a01.pdf#page=34 

ÁUNFCCC. 2012. Decision 12 -II/CP.17 and Annex. Modalities for forest 
reference emission levels and forest reference levels. 
http://unfccc.int/resource/docs/2011/cop17/eng/09a02.pdf#page=16

ÁMeridian Institute. 2011. Guidelines for REDD+ Reference Levels: Principles 
and Recommendations. http ://www.redd -oar.org/ 

ÁMeridian Institute. 2011. Modalities for REDD+ Reference Levels: Technical 
and Procedural issues. http ://www.redd -oar.org /

ÁWinrock International. 2015. The REDD+ Decision Support Toolbox. In 
partnership with the World Bank FCPF.
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Background material

ÁUN-REDD. 2014. Emerging Approaches to Forest Reference Emission Levels 
and/or Forest Reference Levels for REDD+. 
www.unredd.net/index.php?option=com_docman&task=doc_download&gid=
13473&Itemid=53 

ÁHerold, M.et al. 2012. A Stepwise Framework for Developing REDD+ 
Reference Levels. 
http://www.cifor.org/publications/pdf_files/Books/BAngelsen1201.pdf 

ÁWorld Bank FCPF. 2013. Carbon Fund Methodological Framework. 
https:// www.forestcarbonpartnership.org/carbon - fund -methodological -
framework

ÁGFOI. 2014. Methods and Guidance from the Global Forest Observation 
Initiative (MGD). Section 1.4.2. http://www.gfoi.org/methods -guidance -
documentation 
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Outline of lecture

1. Importance of REDD + forest reference (emission) levels 
and types of reference levels

2. UNFCCC context on developing REDD+ forest reference 
(emission) levels

3. Considerations for business -as-usual (BAU) baseline 
estimation and data needs

4. Approaches for estimating BAU baselines

5. Technical assessment of REDD+ forest reference 
(emission) levels
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Outline of lecture

1. Importance of REDD + forest reference (emission) 
levels and types of reference levels

2. UNFCCC context on developing REDD+ forest reference 
(emission) levels

3. Considerations for business -as-usual (BAU) baseline 
estimation and data needs

4. Approaches for estimating BAU baselines

5. Technical assessment of REDD+ forest reference 
(emission) levels
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Importance of REDD+ Forest reference levels

ÁBasic concept of REDD+ is to provide incentives for 
implementing REDD+ activities and achieving emission 
reductions

ÁA national forest monitoring system includes the establishment 
of a reference level (FRL) that provides a benchmark for 
assessing a countryôs performance in implementing 
REDD+ activities

ÁThe process of establishing FRLs can inform development 
and implementation of (sub)national REDD+ policies:

ƀInformation derived from historic emissions: on 
magnitude, location, and causes of emissions/removals
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Difference: FREL versus FRL

ÁFREL ïBenchmark for emissions from deforestation and 
forest degradation Ą REDD only

ÁFRL ïBenchmark for emissions from deforestation and 
forest degradation and removals from sustainable 
management of forests and enhancement of forest 
carbon stocks Ą for all REDD+ activities

The term FRL will be used throughout this module; it also 
encompasses FREL.
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Two related objectives of FRLs

1) Business as usual (BAU) baseline

Á Projection of emissions (in t CO 2 / year) in the absence 

of the REDD+ actions

Á To measure the effectiveness of REDD+ interventions and 

to define emission reductions

2) Financial incentive benchmark (FIB)

Á Benchmark for estimating results - based payments : 

direct payments to countries, subnational units, or projects 

for emission reductions

Á Results -based support is based on difference between 

actual forest emissions and the FRL
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Two related objectives of FRLs

ÁBAU baseline

ÁFIB 
* FIB is not recognized in UNFCCC discussions. However , from an analytical 

viewpoint it is essential to make the distinction between the two types of FRLs

Source: www.redd -net.org.

Financial Incentive Benchmark

BAU baseline
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Outline of lecture

1. Importance of REDD + forest reference (emission) levels 
and types of reference levels

2. UNFCCC context on developing REDD+ forest 
reference (emission) levels

3. Considerations for business -as-usual (BAU) baseline 
estimation and data needs

4. Approaches for estimating BAU baselines

5. Technical assessment of REDD+ forest reference 
(emission) levels
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Guidance from UNFCCC on developing 

FRELs and FRLs

(Source: UNFCCC 2010, 1/CP.16; UNFCCC 2009, 4/CP.15)

Developing countries participating in REDD+ are requested to 

develop in accordance with national circumstances and 

respective capabilities:

ÁA national FREL and/or FRL or, if appropriate, as an interim 

measure, subnational FRELs and/or FRLs

ÁWhich is done transparently taking into account historical 

data and adjusted for national circumstances
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Modalities for developing FRELs / FRLs

(Source; UNFCCC , 2011, 12/CP.17)

ÁFRELs/FRLs are expressed in t CO 2 per year

ÁFRELs/FRLs should be consistent with forest emissions and 

removals included in the national greenhouse gas GHG 

inventories

ÁSubnational FRELs/FRLs may be elaborated as an interim 

measure , with an eventual transition to a national FREL/FRL

ÁCountries may use a step - wise approach for developing 

FRELs/FRLs, thereby using better data and improved methods 

and incorporating additional carbon pools over time

ÁCountries should update a FREL/FRL periodically as 

appropriate, taking into account new knowledge, new trends 

and any modification of scope and methodologies
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Modalities for developing FRELs / FRLs

ÁCountries should submit information and rationale
on the development of their FREL/FRL and technical 
assessment of the proposed FRELs/FRL should be 
possible:

ƀHistorical data, methodological information, scope 

(pools, gases, activities included), definition of forest

ÁInformation submitted should be transparent , complete , 
consistent , accurate

ÁInformation on submitted FRELs/FRLs will be made 
available on the UNFCCC REDD web platform

ÁProposed FRELs/FRLs will be technically assessed 
in the context of results -based payments, following 
guidelines and procedures, decided by the COP
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Scope of REDD+ within IPCC categories

FRLs correspond to the outcomes of all five REDD+ activities, 
which can be categorized as follows within the IPCC categories:

ñForests converted to other landsò

ƀ deforestation

ñForest remaining as forestò

ƀ Forest degradation

ƀ Conservation of forest carbon stocks

ƀ Sustainable management of forests

ƀ Enhancement of forest carbon stocks (in degraded forests)

ñOther lands converted to forestò

ƀ Enhancement of forest carbon stocks (afforestation/reforestation)

For approaches / framework on how to account for REDD+ activities 
within the IPCC categories, also see GFOI MGD (2014).
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Outline of lecture

1. Importance of REDD + forest reference (emission) levels 
and types of reference levels

2. UNFCCC context on developing REDD+ forest reference 
(emission) levels

3. Considerations for business - as - usual (BAU) 
baseline estimation and data needs

4. Approaches for estimating BAU baselines

5. Technical assessment of REDD+ forest reference 
(emission) levels
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Establishing business -as-usual (BAU) 

baselines

ÁBAU baselines are an estimate of future forest GHG 
emissions and removals

ÁTo estimate what might happen in the future one must 
first know what happened in the past

ÁTherefore, data on historical deforestation / 
degradation and deforestation trends are needed (time 
series)

ÁThe development of historical land -cover maps can be 
done using satellite imagery:

ƀSince the 1990s it has been possible to accurately 
map forest areas
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Considerations for BAU baseline establishment 

ÁDecide on a forest definition (See Modules 1.2 and 2.1 on definitions ) :

ƀ Definition of forest may determine which lands will be included

ƀ Low thresholds in % tree cover ensure that practically all lands that 

contain trees could be eligible for REDD+ incentives ðbut low threshold 

could be difficult to detect accurately in imagery

ÁConsistency with national forest monitoring system (NFMS) and MRV

ÁScope of REDD+ activities to be included in the BAU baseline:

ƀ Deforestation, forest degradation, forest conservation, sustainable 

management of forests, enhancement of forest carbon stocks

ÁWhich C pools to include in BAU baseline

ƀ aboveground biomass, belowground biomass, soil organic matter, litter, 

dead wood

ÁScale: national / subnational
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Subnational FRLs

ÁSubnational FRLs (BAU baselines) may be established for 
selected states / provinces or selected activities / key 
categories

ÁSome special considerations:

ƀHarmonized criteria

ƀAccount for leakage

ƀConsolidation of subnational FRLs towards national 
FRL

ÁTesting development of FRL at subnational scale good for 
learning -by -doing approach

ÁApproaches and data should be consistent with future 
monitoring system
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Data needs for BAU baseline estimation

BAU baselines are based on historical data and may be 

adjusted for national circumstances to better represent future 

forest GHG emissions

ÁHistorical emissions and removals:

ƀActivity data ïe.g., spatial extent of land cover 

transition (ha)

ƀEmission factors - emissions/removals of GHGs per unit 

of activity ( e.g. t CO2 -e/ha)

ÁNational circumstances:

ƀStage in forest transition

ƀDrivers of deforestation and forest degradation

ƀDevelopment policies
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Data needs for BAU baseline estimation

Historical emissions and removals are a combination of activity 
data (AD) and emission factors (EFs)

ÁActivity data, based on time series analysis of historical data:

ƀRates of deforestation (Module 2.1)

ƀRates of tree planting (Module 2.1)

ƀRates of forest degradation (Module 2.2)

ƀRates of enhancement by activity type (Module 2.2)

ÁEmission factors (Module 2.3)

ƀDeforestation

ƀForest degradation

ÁRemoval factors (Module 2.3)

ƀC stock enhancement
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Data needs for BAU baseline estimation

National circumstances can influence the deforestation 

trend and should be considered for making a better estimate of 

BAU baseline

ÁGeneral adjustment of BAU baseline to increase reliability:

ƀStage in forest transition 

(forest cover, GDP)

ƀDrivers of deforestation 

and forest degradation 

(e.g ., agricultural 

commodity prices) Module 1.3

ÁCase-by -Case adjustments

ƀRestrictions/requirements specified by programs as well as 

national policies may affect the adjustment of the FRL

Source: Angelsen 2008.
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Data availability and collection

ÁFor many countries, existing data may be limited and of low 

quality: New data need to be collected and compiled (See 

Modules 2.1, 2.2, and 2.3)

ÁCountries may start developing FRLs at subnational level , as 

an interim measure:

ƀOn selected states/provinces where change in forest 

cover historically high, or

ƀOn selected activity such as deforestation, where 

national capacity exists and satellite imagery is available

ÁImportant to establish a set of national standards and 

requirements concerning data collection that are relevant at 

subnational and national scale
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Outline of lecture

1. Importance of REDD + forest reference (emission) levels 
and types of reference levels

2. UNFCCC context on developing REDD+ forest reference 
(emission) levels

3. Considerations for business -as-usual (BAU) baseline 
estimation and data needs

4. Approaches for estimating BAU baselines

5. Technical assessment of REDD+ forest reference 
(emission) levels
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Approaches for estimating BAU baselines

1. Strictly historical approach

ƀUsing only average annual rates of deforestation during the 
recent past (~10 yrs) ïassumes no change in trend

2. Adjusted historical approach

ƀUses predictive power of historical deforestation trend 

ƀOther factors that represent national circumstances are 
included to improve predictions, such as stage in the forest 
transition and deforestation drivers

3. Simulation models

ƀBasis is often on land rent and the demand and supply of new 
land for agriculture or other commodities, but also based on 
prices of minerals such as gold or timber 

ƀMay include historical deforestation rates and collinearity of 
drivers behavior and deforestation rate
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1. Strictly historical approach

ÁSimple trend projection or average of annual rates of 

deforestation using national statistics on historical data

ÁSimple rules (in technical terms)

ÁNo certain driver data available or needed

ÁExample at subnational scale:

ƀBrazilôs forest FRL for the Amazon Basin
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2. Adjusted historical approach (1/2)

ÁRetain predictive power of historical trend data but move to 

more driver -based assessment and predictions

ÁInclude data -driven reasoning for deviations from historical 

trend (i.e ., national circumstances ):

ƀDeforestation and emissions and understanding of historical 

processes using data on drivers and activities causing forest 

carbon change

ƀEstablish relationships with underlying causes (proxies)

ƀJustification why and how deforestation varies from historical 

trend on the level of drivers and activities

ÁMore information on adjusted historical approach in the 

REDD+ Decision Support Toolbox by Winrock International in 

partnership with the World Bank FCPF (Winrock International, 2015)
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2. Adjusted historical approach (2/2)

ÁMain data needed for establishing BAU baseline, preferably at 
subnational level:

ƀHistorical data on deforestation/forest degradation forestation 
(A/R)

ƀ Information on national circumstances :

ī Stage in forest transition

ī Quantitative driver data for key activities

ī Socioeconomic factors

ƀAccessibility of remaining forest (geospatial context)

ÁMultiple regression analysis to estimate BAU baseline: 

ƀTo test the importance of historical deforestation and other 
national circumstances for estimating potential deforestation

ƀTo predict future deforestation based on historical data and 
data on national circumstances (e.g ., drivers)
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Example of regression analysis for establishing 

BAU baselines (adjusted historical approach)

ÁPredictors of deforestation 

for Brazil, Indonesia, and 

Vietnam

ÁElasticity estimates show the 

importance of different 

factors on predicting future 

deforestation

ÁFor example, 1% change in 

historical deforestation in 

Vietnam gives a predicted 

future deforestation rate that 

is 0.57% higher
Source: Herold et al. 2012. 
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3. Simulation (& geospatially explicit) models

ÁSuitable when countries have high -quality data

ÁFor modeling deforestation drivers

ÁTo test different methods for FRL (BAU) setting

ÁTo explore the implications of different policy scenarios

ÁExamples of simulation models: IIASAôs GLOBIOM model, 
OSIRIS modeling tool

ÁExamples of geospatially explicit models: Idrisi LCM, MaxEnt, 
Dynamica

ÁUncertainties:

ƀModel assumptions

ƀPolitical acceptability
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Pros and cons of different approaches for 

BAU estimation

Approach Pros Cons

1. Strictly 
historical 
approach

- Simple approach
- Requires historical data 

only

- No deviations from 
historical trend; might not 
be representative of actual 
situation

2. Adjusted 
historical 
approach

- Deviations from historical 
trend are included

- Data demanding: need to 
collect quantitative 
information on drivers of 
deforestation and national 
circumstances

3. Simulation 
models

- Possibility to model 
deforestation drivers

- Possibility to test 
different methods for FRL 
(BAU) setting

- Complex approach
- Suitable only when 

countries have high quality 
data

- Model uncertainties
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Data availability and varying levels of data

ÁData - driven approach is important for setting FRLs , but 

data on forest change, emissions, and drivers vary per country

ÁWhen historical data are missing, they need to be collected 

and compiled

ÁUnderstanding, reliability, and validity of data for FRL setting 

will improve over time through the REDD+ phased approach

ÁStep - wise approach for FRL development is key concept to 

match data availability and quality in a country:

ƀFacilitates improvements over time

ƀProvides starting point for all country situations

ƀMotivation to reduce uncertainties over time
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Step -wise approach for FRL development (1/3)

Step 1 Step 2 Step 3

Activity 
data

Global datasets
(e.g., Hansen et al., 
2013)

At least IPCC approach 2 IPCC Approach 3

Emission 
factors

Global maps (e.g., 
Saatchi et al. 2011; 
Baccini et al. 2012)

Tier 2 or 3 Tier 2 or 3

Data on 
drivers

No driver data available 
or used

Drivers at national level 
known with quantitative
data for key drivers

Quantitative spatial 
assessment of 
drivers/activities; spatial 
analysis of factors

Improving data through step -wise approach

Adapted from Herold et al. 2012.

ÁConsistency: start with a simple FRL (step 1) and make 
incremental improvements through time (move to step 2 and 3)

ÁNesting: Start at subnational level and build towards national FRL
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Step -wise approach for FRL development (2/3)

Step 1 Step 2 Step 3

Approaches as 
guidance for 
developing FRLs

Simple trend analysis 
/ projection, using 
national statistics, 
based on historical 
data

Country -appropriate 
methods for 
interpolation / 
extrapolation using 
historical data and 
statistical approaches

Potential to use options 
such as
geospatially explicit 
modelling and other
statistical methods for 
considering both
drivers and other factors 
of forest cover
change

Adjustments / 
deviations from 
historical trends

Simple rules (in 
technical terms)

Assumptions and 
evidence for
adjustments of key 
drivers/activities

Analysis and modelling 
by drivers and
activities

Scale National or 
subnational 

National or subnational National (required in 
REDD+ Phase 3 for
results -based payment)

Improving methods through step -wise approach
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Step -wise approach for FRL development (3/3)

Step 1 Step 2 Step 3

Inclusion of
REDD+ 
activities

May focus on only one 
or two activities
with a need to consider 
emissions, i.e., 
deforestation and/or 
degradation

Aims to focus on all 
five REDD+ activities, 
but emissions 
(deforestation
and forest degradation) 
to be considered as 
minimum

Aims to focus on all 
five REDD+ activities, 
but emissions 
(deforestation
and forest degradation) 
to be considered as 
minimum

Omission of
pools and gases

Focus on key category 
pools and gases
with conservative 
omissions

Focus on key category 
pools and gases
with conservative 
omissions

Aims to consider all 
pools and gases
in context of full IPCC 
key category
analysis

Uncertainty
assessment

No robust uncertainty 
analysis possible;
use of default 
uncertainties and/or
conservative estimates *

* See Module 2.7 on 
conservativeness

Modelling to 
accommodate
uncertainties and 
testing using
available data

Independent and 
quantitative
uncertainty analysis 
possible, sensitivity
Analysis, and 
verification using 
available
data

Improving methods through step -wise approach steps



Module 3.2 Data and guidance on developing REDD+ reference levels

REDD+ training materials by GOFC-GOLD, Wageningen University, World Bank FCPF
35

Outline of lecture

1. Importance of REDD + forest reference (emission) levels 
and types of reference levels

2. UNFCCC context on developing REDD+ forest reference 
(emission) levels

3. Considerations for business -as-usual (BAU) baseline 
estimation and data needs

4. Approaches for estimating BAU baselines

5. Technical assessment of REDD+ forest reference 
(emission) levels
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Technical assessment of proposed FRLs

ÁThe UNFCCC secretariat will prepare a synthesis report on the 

technical assessment process (UNFCCC 2014, 13/CP.19)

ÁTechnical assessment of data, methodologies, and procedures 

used for developing FRLs will focus on:

ƀConsistency of FRL with the forest emissions and removals 

included in the national GHG inventories

ƀHow historical data have been taken into account

ƀThe extent to which the information provided is transparent , 

complete , consistent, and accurate

ƀWhether descriptions of changes to previously submitted FRLs 

have taken into account the step -wise approach
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Technical assessment of proposed FRLs

ÁTechnical assessment of data, methodologies, and procedures 

used for developing FRLs will focus on (continued) :

ƀPools and gases, and activities included, and justification of 

omitting pools and/or activities

ƀThe definition of forest that has been provided

ƀWhether assumptions about future changes to domestic 

policies have been included

ƀThe extent to which the FRL is consistent with the information 

and descriptions provided by the Party

ÁAfter technical assessment, areas for technical improvement 

and capacity building needs may be identified
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In summary (1/2)

ÁFRL development needs to be based on historical 
behavior of the country, which is important for:

ƀ Location of country in forest transition model

ƀ Understanding of drivers to explain potential deviations 

from historical trend

ÁConsiderations for FRL development: Issue of forest 
definition; activities and C pools to include; subnational 
or national scale

ÁDifferent approaches for developing BAU baseline: 

1. Strictly historical approach

2. Adjusted historical approach

3. Simulation (geo -spatial explicit) models
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In summary (2/2)

ÁCountry forest monitoring capacities and available data 
vary Ą Start FRL development at subnational level and 
use step -wise improvements for establishing national 
FRLs

ÁEstablishing FRL for degradation should consider 
historical activity data limitations for some small -scale, 
locally driven degradation types

ÁEstablishment of FIB still under discussion

ÁThe FRL is about legitimacy: it is based on data but also 
on sound use of it, and as such it is a political rather 
than technical decision



Module 3.2 Data and guidance on developing REDD+ reference levels

REDD+ training materials by GOFC-GOLD, Wageningen University, World Bank FCPF
40

Country example and exercise

Country example

ÁBrazilôs submission of a subnational forest reference emission level to 
the UNFCCC

ÁGuyanaôs submission of a national forest reference emission level to 
the UNFCCC

Exercise

ÁDeveloping a forest reference level for Indonesia using different 
historical datasets: implications of different types of activity data on 
FRL development
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Recommended module as follow -up

ÁModule 3.3 to continue with guidance on reporting REDD+ 

performance using IPCC g uidelines and guidance
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